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A B S T R A C T
Background: Atrial ﬁbrillation (AF) is the most common arrhythmia and is associated with increased
morbidity and mortality. Thus, identifying subjects with unknown AF or at higher risk for future AF in the
general population is of importance. B-type natriuretic peptide (BNP) is linked with silent cardiac
diseases. We evaluated the association of BNP with incident AF in a large population-based cohort study.
Methods: We included subjects from the population-based Heinz Nixdorf Recall study without known
coronary heart disease, prior stroke, history of open heart surgery, heart-device therapy, or prevalent AF
at baseline. Association of continuous and binary (31 pg/ml for male, 45 pg/ml for female) BNP with
incident AF after 5 years was assessed using logistic regression analysis.
Results: A total of 3067 subjects (mean age 58.9 years, 47.9% male) were included in this analysis.
Subjects with incident AF (n = 42) had higher levels of BNP (median (Q1; Q3): 33.2 pg/ml (19.4; 50.5) vs.
16.9 pg/ml (9.2; 30.2)). Likewise, BNP was associated with incidence of AF both in univariate model and
when adjusting for AF risk factors (odds ratio (OR) (95% conﬁdence interval (CI)): BNP as continuous
variable: 1.27 (1.09; 1.47), p = 0.002; BNP as binary variable: 2.68 (1.41; 5.11) with AF risk factor
adjustment). Notably, especially younger subjects (<60 years) showed stronger association with
incident AF than older ones (OR (95%CI) for dichotomized BNP: 7.20 (1.60; 32.49), p = 0.01 for <60 years,
vs. 2.13 (0.89; 5.09), p = 0.09 for 60–70 years, and 4.40 (1.29; 14.97), p = 0.02 for >70 years).
Conclusions: Elevated levels of BNP are associated with signiﬁcant excess of incident AF, independent of
traditional AF risk factors in the general population. Gender-speciﬁc BNP thresholds may help in
prevention by detecting unknown or future AF, which carries a high risk of stroke events.
 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Atrial ﬁbrillation (AF) – the most common arrhythmia – is a major
risk factor for stroke, which is one of the leading causes of death and
long-term disability [1]. The risk for AF increases with age andDOI of commentary article: http://dx.doi.org/10.1016/j.jjcc.2014.08.009
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being asymptomatic [2]. Besides age, hypertension, obesity, and
female sex are known risk factors for the development of AF [3].
Although the exact mechanisms leading to AF are not completely
understood, atrial remodeling is a hallmark in the genesis [4].
Structural heart diseases such as coronary artery disease, left
ventricular dysfunction, and valvular diseases contribute to atrial
remodeling and may trigger AF as well [5]. To improve the prognosis
and to avoid AF-associated events such as stroke, detection of AF at
early stages represents an important challenge.
B-type natriuretic peptide (BNP) is a cardiac hormone secreted
from myocytes in response to ventricular and atrial wall stress, and reserved.
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BNP is increased in subjects with early stages of cardiac diseases
such as diastolic dysfunction and left ventricular hypertrophy
which also are associated with AF [7,8]. In population-based
studies, BNP predicted major cardiovascular outcomes in subjects
without known cardiac diseases [9,10]. However, data on the
ability of BNP to predict future AF based on general population
cohorts are limited.
Recently, we determined gender-speciﬁc values for increased
BNP (31 pg/ml for men, 45 pg/ml for women), leading to relevant
improvement of risk prediction for coronary and cardiovascular
events compared to the general cutoff value of 100 pg/ml which is
widely accepted in clinical practice for the diagnosis of heart
failure in patients with dyspnea [11]. However, whether these
thresholds are associated with incident AF and qualify for
screening tests in the general population remains unclear.
Therefore, the aim of the present analysis was to investigate (1)
the association of BNP with incident AF, and moreover, (2) the
association between the predeﬁned thresholds and AF and to
assess whether a potential predictive value exists when added to
known AF risk factors.
Methods
Participants
The Heinz Nixdorf Recall study is a population-based,
prospective cohort study. The participants were randomly selected
from mandatory city registries from Bochum, Essen, and Mu¨lheim.
Details about recruitment and study design have been previously
published [12]. In brief, 4814 subjects (50.3% females) aged 45–75
years were recruited. All participants provided written informed
consent, and the study was approved by the institutional ethical
committee at the University Essen, Germany. Between 2000 and
2003 the baseline visit was performed and follow-up examinations
were conducted after 5 years.
Cardiovascular risk factors and covariate deﬁnitions
Traditional cardiovascular risk factors were measured at
baseline examination with details being previously reported
[13]. For blood pressure measurement, the mean of the second
and third measure was calculated. Hypertension was deﬁned as
systolic blood pressure >140 mmHg or diastolic blood pressure
>90 mmHg or intake of hypertensive medication. Body mass index
(BMI) was calculated as body weight divided by square of height.
Diabetes was deﬁned as a history of diabetes, being on medical
treatment for diabetes, or having blood glucose levels as previously
published, and smoking status was assessed by a computer-
assisted interview [13].
Electron-beam computed tomography
Electron-beam computed tomography (EBCT) scans were
performed with a C-100 and C-150 scanner (GE Imatron, South
San Francisco, CA, USA) without the use of contrast media.
Coronary artery calcium (CAC) was deﬁned as a focus of at least 4
contiguous pixels with a CT density >130 Hounsﬁeld units. CAC
was quantiﬁed using the Agatston method and computed by the
sum of all foci in the epicardial coronary system [14].
Measurement of BNP at baseline
Plasma samples obtained from EDTA blood were aliquoted and
stored at 80 8C until further use. We measured the physiologi-
cally active BNP molecule using the Siemens ADVIA Centaur BNPassay (Siemens, Erlangen, Germany). The analytic functional
sensitivity of the assay which represents the lowest BNP
concentration determined was 2 pg/ml.
Electrocardiogram recording and AF deﬁnition
Subjects’ electrocardiograms (ECGs) were performed at initial
enrollment and at follow-up examination after 5 years with details
being previously described [15]. ECGs were interpreted automati-
cally using the integrated 12SL-Code1 which has been validated
and used also by others [16]. ECG ﬁndings were coded and
transferred to our database. Prevalent AF was based on the ECG
ﬁndings at enrollment and at follow-up examination after 5 years,
respectively. As AF was no primary study endpoint, no validated
information of AF status between baseline and follow-up
examination are available. For this analysis we excluded subjects
with prevalent or prior diagnosis of AF at baseline and incident AF
was deﬁned as prevalent AF at follow-up examination.
Statistical analysis
Continuous variables are reported as mean  standard deviation
(SD) or median (25th, 75th percentile) and discrete variables are
given in frequency and percent. Distribution of cardiovascular risk
factors was assessed for the total cohort and stratiﬁed by incident AF
(Table 1). Differences between groups were evaluated with t-tests
and chi-square tests.
The association of BNP with incident AF was investigated using
logistic regression (LR) with adjustment sets as follows: (1)
unadjusted, (2) age and gender adjusted (model 1), (3) additional
for AF risk factors including BMI and hypertension (model 2), (4)
additional for CAC (model 3). Hypertension was deﬁned as stage 1
or 2 hypertension by JNC7 (The Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure) [17] or the intake of
hypertensive medication. Odds ratios (OR) were calculated per
each standard deviation of BNP (= 22.84 pg/ml) (gender-speciﬁc
analyses: 19.54 pg/ml for male, 24.86 pg/ml for female, respec-
tively) and for dichotomized BNP thresholds. We used the recently
published BNP threshold of 35 pg/ml [18] for heart-failure patients
with non-acute symptoms and the gender-speciﬁc BNP thresholds
(31 pg/ml for male and 45 pg/ml for female subjects) [11].
Hosmer–Lemeshow test was used to assess the goodness of ﬁt for
all models. As sensitivity analyses we excluded subjects who
underwent ablation therapy prior to baseline or between baseline
and follow-up.
Finally, C-statistics and receiver operating characteristics were
calculated to assess the value of BNP for discrimination of subjects
with and without incident AF in addition to AF risk factors. All
analyses were performed using SAS software (Version 9.2, SAS
Institute Inc., Cary, NC, USA), except for the boxplots which were
generated using R 2.15.0 (http://cran.r-project.org/). A p-value of
<0.05 indicated statistical signiﬁcance.
Results
Overall 3067 subjects (mean age 58.9  7.6 years, 47.9% males)
were included in the analysis with median (Q1; Q3) BNP levels of
17.1 pg/ml (9.2; 30.5). Median and interquartile range of plasma
natriuretic peptide values were higher in female compared to male
subjects (21 pg/ml (11.7; 35.6) vs. 13.3 pg/ml (7.1; 23.6) for women
and men, respectively).
From the initial cohort of 4814 subjects, 327 were excluded due
to coronary heart disease at baseline, and additionally 159 died and
407 were lost to follow-up. Of the 3921 subjects present at baseline
and follow-up examination, 79 of the remaining subjects had a
Table 1
Baseline characteristics for total cohort and stratiﬁed for incident AF.
Overall No AF AF at follow-up p-value
N 3067 3025 42
Age (years) 58.9  7.6 58.8  7.5 65.7  6.3 <0.0001
Male (%) 1470 (47.9) 1444 (47.7) 16 (38.1) 0.07
Body mass index (kg/m2) 27.6  4.3 27.6  4.3 31.3  5.8 <0.0001
Systolic blood pressure (mmHg) 132.1  20.5 131.9  20.5 140.1  19.3 0.01
Diastolic blood pressure (mmHg) 81.4  10.7 81.4  10.7 82.0  11.0 0.69
Hypertensive medication (%) 903 (29.4) 877 (29.0) 26 (61.9) <0.0001
Hypertension 1584 (51.7) 1551 (51.3) 33 (78.6) 0.0004
Total cholesterol mg/dl 230.9  38.6 231.2  38.6 214.8  33.6 0.006
LDL cholesterol, mg/dl 146.2  35.7 146.4  35.7 135.9  33.0 0.06
HDL cholesterol, mg/dl 59.4  17.3 59.4  17.3 57.7  33.0 0.52
Smoking
Current 689 (22.5) 685 (22.6) 4 (9.5)
Former 1032 (33.6) 1018 (33.7) 14 (33.3)
Never 1346 (43.9) 1322 (43.7) 24 (57.2) 0.09
Diabetes 332 (10.8) 329 (10.9) 3 (7.1) 0.44
BNP Median (q1;q3) 17.1 (9.2; 30.5) 16.9 (9.2; 30.2) 33.2 (19.4; 50.5) <0.0001
BNP 100 pg/ml 37 (1.2) 35 (1.2) 2 (4.8) 0.04
BNP 31 pg/ml for male and 45 pg/ml for female 490 (16.0) 471 (18.6) 19 (45.2) <0.0001
BNP 35 pg/ml 617 (20.1) 597 (19.7) 20 (47.6) <0.0001
AF, atrial ﬁbrillation; LDL, low-density lipoprotein; HDL, high-density lipoprotein; BNP, B-type natriuretic peptide.
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therapy (valve surgery, pacemaker, or deﬁbrillator). At baseline,
BNP measures were available for 3383 subjects of this cohort. A
total 76 subjects had no status of heart rhythm at baseline and 37
had prevalent AF at baseline, in addition, 5 had no AF status at
follow-up. One or more covariates were missing in 198 subjects.
Due to excluding subjects with prior cardiovascular diseases, these
subjects had also a higher cardiovascular risk variables proﬁle
compared to the analyzed cohort (e.g. excluded subjects had a
higher BMI, systolic blood pressure, and CAC and also more males
and diabetic subjects were excluded). As sensitivity analysis, we
excluded 13 subjects, which reported about ablation therapy prior
to baseline or during follow-up resulting in an analyzing cohort of
3054. Estimated ORs did not differ noticeably (data not shown).
The subject’s baseline characteristics stratiﬁed by incident AF
status are depicted in Table 1. Fig. 1 shows the distribution of BNP
levels in subjects with vs. without incident AF; subjects with
incident AF had higher BNP levels.Fig. 1. Boxplot of baseline B-type natriuretic peptide by incident atrial ﬁbrillation
status.Overall, subjects with incident AF had higher frequency of
cardiovascular risk factors (Table 1). This effect was also seen when
stratifying by BNP levels. Subjects with low BNP levels and incident
AF were older (mean age: 65.0 years vs. 58.2 years, p < 0.0001),
more obese (mean BMI: 31.4 vs. 27.5, p < 0.0001), and had
hypertension more frequently (69.6% vs. 48.4%, p = 0.04), but had
lower total (213.6 mg/dl vs. 231.8 mg/dl, p = 0.03) and low-density
lipoprotein cholesterol levels (131.3 mg/dl vs. 147.1 mg/dl,
p = 0.04) compared to those without incident AF and low BNP
levels. Subjects with high BNP levels, but without incident AF were
younger (mean age: 62.4 years vs. 66.6 years, p = 0.01) and less
obese (mean BMI: 28.2 vs. 31.2, p = 0.004) compared to those with
incident AF and high BNP levels. Also, women (98.0% vs. 94.2%,
p = 0.03) and subjects without hypertension (98.7% vs. 94.9%,
p = 0.04) were more prone to be in this ﬁrst group.
Association of BNP with new onset of AF
After 5.1  0.3 years of follow-up, 42 individuals experienced AF.
Incidence of AF was higher in subjects with BNP above the gender-
speciﬁc thresholds of 31 pg/ml for men and 45 pg/ml for women (3.9%
vs. 0.9%). Using these gender-speciﬁc thresholds more subjects at
higher risk for AF were identiﬁed compared to the established cut-off
of 100 pg/ml (45.2% vs. 4.8% of all subjects with incident AF). The
higher sensitivity of the gender-speciﬁc thresholds consequently
involves a lower speciﬁcity of 84.4% vs. 98.8% for the 100 pg/ml
threshold, which is used for the diagnosis of heart failure. LR analyses
for new onset of AF are shown in Table 2. In unadjusted model,
subjects with a BNP level above the gender-speciﬁc thresholds at
baseline had more than four-fold increased risk for AF within 5 years.
Associations were slightly attenuated but remained statistically
signiﬁcant after further adjustment for age, gender, and AF risk factor
(ancillary additional including BMI and hypertension) both in
models with BNP as continuous variable and as binary variable.
Adding CAC to the full model did not inﬂuence the association of BNP
and incident AF.
In additional analysis we compared the gender-speciﬁc thresh-
olds with the general, non-gender speciﬁc cut-off of 35 pg/ml
which led to a similar identiﬁcation of subjects with incident AF
(45.2% vs. 47.6% of all subjects with incident AF). Likewise,
association of the gender-speciﬁc analysis vs. the general threshold
of 35 pg/ml revealed comparable results [OR (95%CI): 4.48 (2.42;
8.29) vs. 3.70 (2.01; 6.82) for unadjusted model, 2.69 (1.41; 5.15)
Table 3
Logistic regression for the association of BNP with new-onset of AF stratiﬁed by age group (<60 years, 60–70 years, 70 years).
Model BNP as continuous variable
(per each standard deviation)
BNP 31 pg/ml for male and 45 pg/ml
for female
Age (years) N AF OR (95% CI) p-value OR (95% CI) p-value
<60 1587 7 2.12 (1.25; 3.61) 0.006 7.20 (1.60; 32.49) 0.01
60–70 1177 23 1.25 (1.05; 1.48) 0.01 2.13 (0.89; 5.09) 0.09
70 303 12 1.17 (0.80; 1.70) 0.42 4.40 (1.29; 14.97) 0.02
AF, atrial ﬁbrillation; BNP, B-type natriuretic peptide; OR, odds ratio.
Table 2
Logistic regression for the association of BNP with new onset atrial ﬁbrillation.
Model BNP as continuous variable
(per each standard deviation)
BNP as binary variable
(31 pg/ml for male and 45 pg/ml for female)
Odds ratio (95%-CI) p-value Odds ratio (95%-CI) p-value
Unadjusted 1.38 (1.17; 1.62) 0.0001 4.48 (2.42; 8.29) <0.0001
Model 1 (age and gender) 1.29 (1.11; 1.50) 0.001 2.86 (1.51; 5.40) 0.001
Model 2 (AF risk factorsa) 1.27 (1.09; 1.47) 0.002 2.68 (1.41; 5.12) 0.003
Model 3 (Model 2 + CAC) 1.29 (1.10; 1.50) 0.001 2.69 (1.41; 5.15) 0.003
AF, atrial ﬁbrillation; BNP, B-type natriuretic peptide; CAC, coronary artery calcium.
a AF risk factors: age, sex, body mass index, hypertension.
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gender-speciﬁc and gender matched threshold, respectively].
Analyzing the associations stratiﬁed by sex, results did not vary
considerably; we only observed a trend toward stronger associa-
tion for male compared to female subjects (OR (95%CI): 1.49 (1.23;
1.82) for males vs. 1.34 (1.09; 1.65) for females, respectively using
continuous BNP).
LR analyses for incident AF, stratiﬁed by three age groups are
shown in Table 3. In unadjusted models we report the strongest
association in the lowest age group. Subjects younger than 60 years
had more than seven-fold increased risk for incident AF using the
gender-speciﬁc thresholds. Association remained after additional-
ly adjusting for hypertension, however with only low number of
events per variable.
BNP for prediction of new onset of AF
Considering the traditional AF risk model (model 2) the
contribution of BNP resulted in an increase in the area under
the curve (AUC) for discrimination of subjects with and without
incident AF for the continuous BNP variable, however, not reaching
statistical signiﬁcance (AUC: 0.826 to 0.837, p = 0.06 for continu-
ous BNP variable). Using the gender-speciﬁc thresholds, the
improvement in the AUC was of comparable size but wider
conﬁdence limits (AUC: 0.826 to 0.837, p = 0.33 for dichotomized
BNP). Comparable results were shown using the cut-off of 35 pg/ml
(AUC: 0.826 to 0.838, p = 0.31).
Discussion
Within this population-based study, we examined in subjects
without known cardiovascular diseases, the association of BNP as
continuous and binary variable with predeﬁned gender-speciﬁc
BNP thresholds with new onset of AF as well as its value for risk
prediction above traditional AF risk factors. Increased BNP levels
were associated with excessive incidence of AF, e.g. resulting in a
four-fold risk in a 5-year period for subjects with a BNP level
31 pg/ml for men and 45 pg/ml for women, in the crude model.
The association remained statistically signiﬁcant after adjustment
for traditional AF risk factors and CAC. Notably, associations were
more pronounced in younger subjects. Taken together, our results
point toward an independent association of BNP as well as thepredeﬁned gender-speciﬁc BNP values for incident AF independent
of traditional AF risk factors.
BNP is commonly used for the diagnosis of heart failure [6];
however, there is growing evidence that also in a preclinical
setting, measurement of BNP may improve risk prediction in the
general population. It was suggested that BNP reﬂects early stages
of cardiac diseases. These suggestions were conﬁrmed in a study
showing that BNP screening in asymptomatic patients is able to
identify existing cardiac diseases [19].
BNP is mainly released from ventricular myocytes in response
to ventricular wall stress, but also from atrial myocytes. In patients
with paroxysmal and persistent AF the atrium is the major site of
BNP release [20] and therefore, elevated levels of natriuretic
peptides have been reported in patients with prevalent AF
compared to patients with sinus rhythm [21]. Moreover, popula-
tion-based studies have shown that a single measurement of
elevated BNP also predicts future AF [22]. A possible explanation
for the role of natriuretic peptides in the pathogenesis of AF is that
BNP levels are increased in cardiac diseases, such as left ventricular
hypertrophy, systolic and diastolic dysfunction, left atrial enlarge-
ment, and ischemia. Those are again linked to increased risk of
myocardial ﬁbrosis and remodeling, which is a hallmark in the
development of AF [23].
Unknown and untreated AF is the most common cardiac
disorder associated with embolic stroke [24]. Since patients are
often asymptomatic, diagnosis of AF is more difﬁcult. Identifying
subjects at higher risk for AF could help in the early diagnosis of AF
and thus, suitable treatment could avoid adverse events. Moreover,
an early diagnosis of AF with an early treatment could result in
stabilization of sinus rhythm.
Wang et al. ﬁrst reported from a large population-based cohort
that higher levels of natriuretic peptides are associated with risk of
future AF, independent of traditional risk factors [25]. Another and
to date the largest study by Patton et al. demonstrated an
association of NT-pro-BNP with incident AF, again independent of
traditional risk factors [22]. However, since the subjects of their
population-based cohort had a mean age over 72 years, it remains
unclear, if these results are applicable for younger subjects.
Moreover, the population did not represent healthy subjects,
including subjects with cardiovascular diseases such as previous
stroke, heart failure, and coronary artery disease at baseline.
Subjects in our population were younger and, therefore, more
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cardiovascular diseases, such as previous stroke. Nevertheless,
these studies clearly suggest that higher BNP levels are associated
with incident AF, but no study investigated potential thresholds for
an easy screening test for AF. In particular from the perspective of
preventive cardiology it would be more useful to have a gender-
speciﬁc BNP value with a sufﬁcient precision. To date, there is a
lack of studies investigating this context. In our recently published
work we determined the gender-speciﬁc 90th percentile of BNP in a
subgroup without determinants of increased BNP and demon-
strated an association of these BNP thresholds (31 pg/ml for males
and 45 pg/ml for females) with incident major cardiovascular and
coronary events [11]. Until now, it was unclear if these determined
thresholds are also applicable for AF risk prediction. This is the ﬁrst
study, investigating the predictive value of BNP thresholds,
determined from a large healthy cohort, for incident AF. Our
results show that subjects above these gender-speciﬁc determined
thresholds have more than a 2.5-fold risk for incident AF and that
the effect of BNP is not mediated by known traditional risk factors
for AF. In addition, comparing our gender-speciﬁc thresholds to the
recently published BNP threshold of 35 pg/ml for heart-failure
patients with non-acute symptoms, association with AF and
discrimination of subjects with and without AF were comparable.
However, since gender-speciﬁc differences in BNP levels are
known, we recommend using the proposed gender-speciﬁc
thresholds.
Implications
Identifying cardiac diseases in early stages remains a challenge
in modern medicine. BNP is the ﬁrst biomarker that may improve
cardiac risk prediction above traditional risk factors in the general
population and it seems to reﬂect pancardiac damage in early
stages and therefore may be a powerful prognostic marker for
cardiovascular outcome and mortality. It has to be acknowledged
that the assessment of a biomarker is feasible using a simple blood
test. Recently gender-speciﬁc thresholds (31 pg/ml for males,
45 pg/ml for females, respectively) for asymptomatic subjects have
been published, which identify subjects at higher risk for major
cardiovascular and coronary events. The present results show that
subjects with BNP levels above these thresholds are also at clearly
higher risk for AF. Interestingly, this association is notably stronger
in younger subjects (<60 years), which reﬂect clearly the target
group for screening programs.
Together with our previous ﬁndings, these data may help
clinicians and primary care practitioners to identify asymptomatic
subjects but with increased risk for future cardiovascular diseases
and events including AF via BNP who might be missed by current
risk stratiﬁcation algorithms. Also, the present ﬁndings may at
least in part explain an association of BNP with stroke. To detect AF,
determination of BNP could be established in screening programs
and thereby, also asymptomatic subjects with a higher BNP level
may qualify from a cardiological workup, e.g. performing 24-h
ECGs. The early diagnosis of AF with an initiating anticoagulation
therapy may prevent future strokes. However, this implication is
an issue for future investigations.
Strengths and limitations
The strengths of our study include its population-based sample
without known cardiovascular disease. Traditional cardiovascular
risk factors were measured using highly standardized protocols.
As a major limitation, only AF prevalent at the time of the
examinations was part of the study, missing subjects with sinus
rhythm at the time of the examination but with paroxysmal AF in
between. This results in a lower rate of incident AF compared toother studies, where AF is also examined between enrollment and
follow-up. However, despite the fact that AF was underestimated,
our results show a strong association of BNP with incident AF,
emphasizing the predictive value of BNP. Furthermore, due to the
lack of ECG examinations between initial enrollment and 5-year
follow-up, we were not able to assess time to AF incidence related
to initial BNP. Moreover, it may be acknowledged that the used
gender-speciﬁc thresholds were also determined in our study;
thus, the prediction of AF in the same cohort might be superior
compared to that in an independent cohort. For further analyses of
clinical relevance it is desirable to investigate the prognostic value
of these thresholds in other population-based cohorts.
Conclusion
Elevated levels of BNP are associated with signiﬁcant excess of
incident AF, independent of traditional AF risk factors and CAC in
the general population, notably with strongest association in
younger subjects. Thus, the gender-speciﬁc BNP threshold (31 pg/ml
for males and 45 pg/ml for females) may help in primary prevention
by detecting subjects with unknown or future AF, who thereby carry
a high risk for future stroke events.
Funding sources
This study was supported by the Heinz-Nixdorf-Foundation, the
German Ministry of Education and Science, the German Research
Council (DFG) (SI-236/8-1, SI-236/9-1, ER155/6-2), and the
German Aerospace Centre. For BNP assays, the ﬁnancial support
of Siemens HealthCare-Diagnostics (Eschborn, Germany) is grate-
fully acknowledged. This project is also supported by the DFG
within the program HO3314_2-1.
Conﬂicts of interest
There are no conﬂicts of interest to declare.
References
[1] Chugh SS, Blackshear JL, Shen WK, Hammill SC, Gersh BJ. Epidemiology and
natural history of atrial ﬁbrillation: clinical implications. J Am Coll Cardiol
2001;37:371–8.
[2] Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby JV, Singer DE.
Prevalence of diagnosed atrial ﬁbrillation in adults: national implications
for rhythm management and stroke prevention: the AnTicoagulation and Risk
Factors in Atrial Fibrillation (ATRIA) Study. JAMA 2001;285:2370–5.
[3] Knuiman M, Briffa T, Divitini M, Chew D, Eikelboom J, McQuillan B, Hung J. A
cohort study examination of established and emerging risk factors for atrial
ﬁbrillation: the Busselton Health Study. Eur J Epidemiol 2014;29:181–90.
[4] Kallergis EM, Manios EG, Kanoupakis EM, Mavrakis NE, Arfanakis DA,
Maliaraki NE, Lathourakis CE, Chlouverakis GI, Vardas PE. Extracellular matrix
alterations in patients with paroxysmal and persistent atrial ﬁbrillation:
biochemical assessment of collagen type-1 turnover. J Am Coll Cardiol 2008;
52:211–5.
[5] Tsang TS, Gersh BJ, Appleton CP, Tajik AJ, Barnes ME, Bailey KR, Oh JK, Leibson
C, Montgomery SC, Seward JB. Left ventricular diastolic dysfunction as a
predictor of the ﬁrst diagnosed nonvalvular atrial ﬁbrillation in 840 elderly
men and women. J Am Coll Cardiol 2002;40:1636–44.
[6] Maisel AS, Krishnaswamy P, Nowak RM, McCord J, Hollander JE, Duc P, Omland
T, Storrow AB, Abraham WT, Wu AH, Clopton P, Steg PG, Westheim A, Knudsen
CW, Perez A, et al. Rapid measurement of B-type natriuretic peptide in the
emergency diagnosis of heart failure. N Engl J Med 2002;347:161–7.
[7] Hildebrandt P, Collinson PO, Doughty RN, Fuat A, Gaze DC, Gustaffson F,
Januzzi J, Rosenberg J, Senior R, Richards M. Age-dependent values of
N-terminal pro-B-type natriuretic peptide are superior to a single cut-point
for ruling out suspected systolic dysfunction in primary care. Eur Heart J
2010;31:1881–9.
[8] Gupta S, Rohatgi A, Ayers CR, Patel PC, Matulevicius SA, Peshock RM, Markham
DW, de Lemos JA, Berry JD, Drazner MH. Risk scores versus natriuretic peptides
for identifying prevalent stage B heart failure. Am Heart J 2011;161:923–30.
[9] Kara K, Mahabadi AA, Berg MH, Lehmann N, Mo¨hlenkamp S, Ka¨lsch H, Bauer M,
Moebus S, Dragano N, Jo¨ckel KH, Neumann T, Erbel R. Predicting risk of
coronary events and all-cause mortality: role of B-type natriuretic peptide
above traditional risk factors and coronary artery calcium scoring in the
K. Kara et al. / Journal of Cardiology 65 (2015) 453–458458general population: the Heinz Nixdorf Recall Study. Eur J Prev Cardiol 2013
[Epub ahead of print].
[10] Kara K, Gronewold J, Neumann T, Mahabadi AA, Weimar C, Lehmann N, Berger
K, Ka¨lsch HI, Bauer M, Broecker-Preuss M, Mo¨hlenkamp S, Moebus S, Jo¨ckel KH,
Erbel R, Hermann DM. B-type natriuretic peptide predicts stroke of presum-
able cardioembolic origin in addition to coronary artery calciﬁcation. Eur J
Neurol 2014;21:914–21.
[11] Kara K, Mahabadi AA, Geisel MH, Lehmann N, Ka¨lsch H, Bauer M, Neumann T,
Dragano N, Moebus S, Mo¨hlenkamp S, Jo¨ckel KH, Erbel R. B-type natriuretic
peptide: distribution in the general population and the association with major
cardiovascular and coronary events – The Heinz Nixdorf Recall Study. Clin Res
Cardiol 2013;103:125–32.
[12] Schmermund A, Mo¨hlenkamp S, Stang A, Gro¨nemeyer D, Seibel R, Hirche H,
Mann K, Siffert W, Lauterbach K, Siegrist J, Jo¨ckel KH, Erbel R. Assessment of
clinically silent atherosclerotic disease and established and novel risk factors
for predicting myocardial infarction and cardiac death in healthy middle-
aged subjects: rationale and design of the Heinz Nixdorf Recall Study. Risk
factors, evaluation of coronary calcium and lifestyle. Am Heart J 2002;
144:212–8.
[13] Mahabadi AA, Lehmann N, Sonneck NC, Ka¨lsch H, Bauer M, Kara K, Geisel MH,
Moebus S, Jo¨ckel KH, Erbel R, Mo¨hlenkamp S, on behalf of the Heinz Nixdorf
Recall Study Investigative Group. Left atrial size quantiﬁcation using non-
contrast-enhanced cardiac computed tomography – association with cardio-
vascular risk factors and gender-speciﬁc distribution in the general popula-
tion: the Heinz Nixdorf Recall study. Acta Radiol 2013 [Epub ahead of print].
[14] Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte Jr M, Detrano R.
Quantiﬁcation of coronary artery calcium using ultrafast computed tomogra-
phy. J Am Coll Cardiol 1990;15:827–32.
[15] Mo¨hlenkamp S, Schmermund A, Lehmann N, Roggenbuck U, Dragano N, Stang
A, Moebus S, Beck EM, Schlu¨ter C, Sack S, Meinertz T, Taylor A, Jo¨ckel KH, Erbel
R, Heinz Nixdorf Recall Study Investigators. Subclinical coronary atheroscle-
rosis and resting ECG abnormalities in an unselected general population.
Atherosclerosis 2008;196:786–94.
[16] Willems JL, Abreu-Lima C, Arnaud P, van Bemmel JH, Brohet C, Degani R, Denis
B, Gehring J, Graham I, van Herpen G. The diagnostic performance of computer
programs for the interpretation of electrocardiograms. N Engl J Med 1991;325:
1767–73.[17] Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo Jr JL, Jones
DW, Materson BJ, Oparil S, Wright Jr JT, Roccella EJ, National Heart, Lung, and
Blood Institute Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure, National High Blood Pressure Educa-
tion Program Coordinating Committee. The Seventh Report of the Joint Na-
tional Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure: the JNC 7 report. JAMA 2003;289:2560–72.
[18] McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bo¨hm M, Dickstein K, Falk
V, Filippatos G, Fonseca C, Gomez-Sanchez MA, Jaarsma T, Køber L, Lip GY,
Maggioni AP, Parkhomenko A, et al. ESC guidelines for the diagnosis and
treatment of acute and chronic heart failure 2012: The Task Force for the
Diagnosis and Treatment of Acute and Chronic Heart Failure 2012 of the
European Society of Cardiology. Developed in collaboration with the Heart
Failure Association (HFA) of the ESC. Eur J Heart Fail 2012;14:803–69.
[19] Nadir MA, Rekhraj S, Wei L, Lim TK, Davidson J, MacDonald TM, Lang CC, Dow
E, Struthers AD. Improving the primary prevention of cardiovascular events by
using biomarkers to identify individuals with silent heart disease. J Am Coll
Cardiol 2012;60:960–8.
[20] Tuinenburg AE, Brundel BJ, Van Gelder IC, Henning RH, Van Den Berg MP,
Driessen C, Grandjean JG, Van Gilst WH, Crijns HJ. Gene expression of the
natriuretic peptide system in atrial tissue of patients with paroxysmal and
persistent atrial ﬁbrillation. J Cardiovasc Electrophysiol 1999;10:827–35.
[21] Shelton RJ, Clark AL, Goode K, Rigby AS, Cleland JG. The diagnostic utility of
N-terminal pro-B-type natriuretic peptide for the detection of major structural
heart disease in patients with atrial ﬁbrillation. Eur Heart J 2006;27:2353–61.
[22] Patton KK, Ellinor PT, Heckbert SR, Christenson RH, DeFilippi C, Gottdiener JS,
Kronmal RA. N-terminal pro-B-type natriuretic peptide is a major predictor of
the development of atrial ﬁbrillation: the Cardiovascular Health Study. Circu-
lation 2009;120:1768–74.
[23] Watanabe M, Murakami M, Furukawa H, Nakahara H, Tanaka H, Sunamori M.
Decreased plasma brain natriuretic peptide levels after a successful maze
procedure. J Heart Valve Dis 2003;12:287–91.
[24] Cerebral Embolism Task Force. Cardiogenic brain embolism. Arch Neurol
1986;43:71–84.
[25] Wang TJ, Larson MG, Levy D, Benjamin EJ, Leip EP, Omland T, Wolf PA, Vasan
RS. Plasma natriuretic peptide levels and the risk of cardiovascular events and
death. N Engl J Med 2004;350:655–63.
